In microcirculation disorders, the therapeutic apheresis seems to have two different effects. The first, achieved after only a few sessions, is acute, consisting of drastic reduction of blood viscosity and obtained with the use of low-density lipoprotein (LDL) apheresis, rheopheresis, or fibrinogen apheresis. The second effect is long term, or chronic, and needs to be evaluated after a long course of treatment. The mechanisms underlying the chronic effect are still objects of debate and take into account the pleiotropic effects of apheresis. However, it is likely that the acute effect of apheresis mainly influences the functional components of the vascular damage, and so the derived rheological benefit might last only for a short period. The chronic effect, on the contrary, by acting on the morphological alterations of the vascular walls, requires the apheresis treatment to be prolonged for a longer period or even cycles of treatment to be programmed.
Introduction
In the last years, different strategies of therapeutic apheresis have been applied to treat various microcirculation disturbances. In the vast majority of cases reported in literature, the number of apheresis sessions considered necessary to achieve a positive outcome is extremely small. In sudden hearing loss (SHL), a disease affecting the inner ear vascularization, just one session was able to improve the hearing function [1] .
It has been presumed that the reasons justifying such a rapid effect are linked to the rheological properties of therapeutic apheresis and its capacity to reduce the concentrations of some plasma proteins closely connected with hemorheology [2] .
However, it is now becoming evident that long-term treatment with therapeutic apheresis, especially chronic therapy with low-density lipoprotein (LDL) apheresis in patients suffering from familial hypercholesterolemia, is able to reduce atherosclerotic plaque and to increase the vessel lumen, thus acting to improve morphological alterations of the vessels and showing an effect that extends far beyond the purely hemorheological one.
In Mellwig's experience [3] , for instance, the myocardial perfusion under LDL apheresis, evaluated by PET, was considerably improved after the first session of LDL apheresis, but showed a more marked increase after 9 months of treatment.
Therefore, it seems likely that therapeutic apheresis is capable of achieving two different effects: a rapid effect, also called acute effect that takes place very rapidly, even a few hours after the end of the first session, and a slow one, also called chronic effect, which takes several weeks or months to develop.
The acute effect may be attributed to the reduction in whole blood viscosity whereas the chronic effect is more difficult to explain.
Acute effect
The first experiences of an acute effect of therapeutic apheresis were reported in an application in SHL. In a frequently quoted article by Suckfull [1] , an improved hemorheological status induced by a single session of LDL apheresis was capable of significantly improving speech perception, especially in patients with higher levels in fibrinogen (more than 8.68 mmol/L).
The greater importance attributed to the reduction of fibrinogen as a means of predicting patients' outcome in SHL paved the way for the use of rheopheresis in the treatment of this disease. In their study, Mösges and colleagues [4] proved that rheopheresis could be an effective treatment option for SHL, demonstrating that two sessions of this apheresis strategy within 3 days lasting for about 2 h each could be used to replace a 10-day infusion regimen. Ullrich and colleagues [5] confirmed the role of fibrinogen in improving hemorheology by means of fibrinogen apheresis, which they used as a therapeutic procedure for the treatment of SHL. In this study also, the authors administered only few sessions of apheresis, three at the most. The main auditory improvement was evident directly after the end of treatment and the reduction in relative mean hearing loss from the original 35.2 dB to 11.8 dB was highly significant.
There is another similar disease affecting a sensory organ in which therapeutic apheresis has been shown to be efficacious, namely nonarteritic anterior ischemic optic neuropathy (NAION). The main pathogenetic mechanism of NAION seems to be the result of an insufficient blood supply to the optic nerve head, due to the involvement of the posterior ciliary arteries. Despite traditional treatment, the disease has a substantially stable course over time and may even get worse. Therefore, NAION has been an excellent field of application to verify the efficacy of therapeutic apheresis, much better than SHL where a spontaneous recovery is frequently observed. In two pilot studies, the use of three sessions of LDL apheresis determined a clear improvement in the functional data for the affected eyes [6, 7] . In fact, the scotomatous portion of the visual field regressed already after the first session of LDL apheresis and further regressed after the third. To understand the mechanisms underlying such a rapid effect, in another study we correlated the mean deviation value change that is a more reliable index of an improvement of the visual field, together with a reduction of some markers of endothelial dysfunction (including fibrinogen and lipids). We found a highly significant correlation, although no parameter was shown to have a prevalent influence with respect to the others [8] .
Taking into account another microcirculation disorder, peripheral arterial disease (PAD), a single session of fibrinogen apheresis was shown to be able to improve the clinical picture with a significant increase in both total and pain-free walking distance, as a result of drastic reduction in serum fibrinogen concentration [9] .
In all these experiences, the different apheresis strategies have in common a rapid drop in macromolecule concentrations that has an effect on the blood rheology. We know that hemorheology is determined by the viscosity of the plasma and the whole blood and by the erythrocyte deformability and tendency to aggregate. Otto and colleagues [10] demonstrated that the effect of fibrinogen on plasma viscosity seems to be more pronounced than the influence of lipoprotein concentration. In fact, because of its molecular weight and more importantly its size, the fibrinogen has an important role in determining the plasma viscosity, even if it accounts for only 4% of the plasma protein content. Moreover, fibrinogen has often been described as the most important protein in physiological and pathological red blood cells (RBC) aggregation, thus increasing the whole blood viscosity. The lipoproteins also play a major role in RBC aggregation [11] . RBC deformability, as an additional actor, has a fundamental importance in determining whole blood viscosity. The shape of RBC could be changed by the addition of lipoproteins to a suspension of RBCs [12] , and the loss of RBCs deformability does not allow the cells to pass through a capillary vessel, thereby stopping the blood supply.
To summarize, the mediators of blood viscosity that can influence RBC deformability, RBC aggregation, and plasma viscosity are essentially the fibrinogen and lipoproteins. By lowering the concentrations of these macromolecules, the LDL apheresis, rheopheresis, or fibrinogen apheresis reduce the blood viscosity and therefore the resistance to flow, according to the Hagen-Poiseuille law. For these reasons, these three procedures could have an effect-I would say a rapid effect-on the clinical picture of microcirculation disorders, such as SHL, NAION, and PAD. However, we do not know how long these effects on hemorheology last. In other words, is acting on hemorheology, with so few sessions of apheresis, or even with a single session, enough to bring about a complete recovery in our patients?
In NAION, we aimed to answer this question by assessing the conditions of a group of patients 6 months after they had been treated with LDL apheresis [13] . The mean deviation of the visual field resulted statistically improved at discharge as compared with admission. However, the improvement did not persist up to 6 months, and there was a return to the baseline values recorded at hospital admission. In a study of uremic patients affected by PAD and treated with LDL apheresis according to a regimen involving 5 sessions in 5 weeks, the blood flow in the peripheral microcirculation of the lower limbs, examined by laser Doppler, which improved after the first, third, and fifth session, had returned to baseline values before the start of the third and fifth sessions [14] .
It seems likely, therefore, that a rapid but short effect is to be expected after few sessions of therapeutic apheresis, since the rheological advantage of apheresis is related to the rebound kinetics of the rheologically relevant plasma proteins. For these reasons, the effectiveness of therapeutic apheresis seems to last only as long as it is applied, with benefits that persists for only a few months after it is stopped.
Chronic effect
Nevertheless, long-term treatment with therapeutic apheresis has been shown to induce a suppression of the progression of atherosclerotic lesions and eventually also a regression of atherosclerotic lesions, thus acting to improve morphological alterations of the vessels. After 1 year followup, the coronary angiograms of patients receiving chronic treatment with LDL apheresis displayed an increase in the minimal lumen diameter and a reduction of the area of plaque [15] . A long-term treatment with LDL apheresis was able to induce a reduction of coronary calcifications [16] in a patient affected by familial hypercholesterolemia. After 10 sessions of LDL apheresis, a complete occlusion of the anterior tibial artery improved to a partial stenosis, with a nearly complete healing of a decubitus [17] .
Thus, in the long-term treatment, the LDL apheresis seems to influence actions going far beyond the hemorheological ones, that are confined to the first phases of the treatment only [18] . It is known that apart from the direct lipid reduction effect, the LDL apheresis has been shown to have an extensive series of other actions, the so-called pleiotropic effects of LDL apheresis [19] . Among these, it is possible to consider a possible influence of LDL apheresis on the number of circulating endothelial progenitor cells, which can act directly on the vascular walls and repair vascular lesions [20] .
The differences between the acute and chronic effects of therapeutic apheresis are therefore a field which is still open for discussion, where it is essential to decide the timing and duration of treatment.
In one of our experiences, for instance, we decided to treat the two patients with PAD, who were in imminent danger of amputation, by adopting the same schedule of treatment and then stopping the apheresis in one patient and continuing the procedure in the other one, in order to establish the best timetable for this therapeutic approach. The patients underwent 22 sessions of rheopheresis over 4 months; then the first patient continued the apheresis at the rate of one session a week for another year while the second patient remained untreated. Ischemic lesions, as evaluated by photographs, showed a nearly complete healing at the end of the cycle of apheresis in both patients. The improvement persisted in the first patient during the year of apheresis, while a new ulcer reappeared just 2 months after the end of apheresis. On the contrary, in the second patient the situation was still substantially unchanged 14 months after the end of apheresis.
These observations provide an example of the effectiveness of rheopheresis even in the presence of ulcers treated with a regimen of 22 sessions in 4 months and underline the necessity to personalize the treatment in order to avoid the reappearance of the previous clinical state shortly after the treatment is stopped.
Conclusion
In conclusion, what we still need to explore further is the timing and duration of the use of therapeutic apheresis. It is reasonable to believe that few sessions of apheresis may act principally on the functional components of the vascular damage and the derived rheological benefit might last only for a short period (for instance, a reduction of pain or an increase in the walking distance for PAD). On the contrary, if we aim to operate on the morphological components of the vascular damage (for example, to heal an ulcer and to prevent its reappearance after a short time in our patients), it seems likely that we need to prolong the apheresis treatment for a longer period or even to program several cycles of treatment.
